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The Dredging Research Program (DRP) is a seven-year program of the U.S. Army Corps of Engineers. DRP

research is maun d in these five technical areas:

Area I - Analysis of Dredged Material Placed in Open Wter

Area 2 - Maeial Properties Related to Navigation and Dredging

Area 3 - Dredge Plant Equipment and Systems Processes

Area 4 - Vessel Posiuonmn& Survey Controls, and Dtedg Monitoring Systems

Area 5 - Maagment of Dredging Projects
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Dredging Research Program

US Army Corps Report Summary
of Engineers
Waterways Experiment
Station

DREDGA8L: Geotechnical Factors in Dredgeability; User's Guide (IR DRP-94-1)

ISSUE: Geotechnical engineers, dredging es- (DRP) work unit that involves the develop-
timators, and dredging contractors often do ment of geotechnical descriptors to indicate,
not understand each other's needs, site inves- or infer, dredgeability of sediments to be
tigation methods, and vocabulary. Inevitable dredged. The initial knowledge base was
turnover in personnel means the loss of the based on literature surveys, personal experien-
knowledge of experienced and talented per- ces, and comments made during several
sons. These factors often lead to workshops.
misinterpretation of the nature and extent of SUMMARY: The Geotechnical Factors in
the sediments to be dredged. DREDGeABiLity (DREDGABL) Program

RESEARCH: Knowledge-based expert sys- provides guidance in the interpretation of
tems (KBES) are computer programs that use geotechnical descriptors of sediments in terms
a knowledge base of expert-derived rules for of their dredgeability properties. It is in-
providing guidance. Rules in the knowledge tended to be used by engineers, estimators,
base are in the form of "IF-THEN" statements and contractors, serving as a personal geotech-
that can incorporate judgement, experience, nical engineering consultant.
empirical rules of thumb, intuition, and other
expertise as well as proven functional relation- AVAILABILITY OF REPORT: The report
ships and experimental evidence. The is available through the Interlibrary Loan Ser-

database of rules of a KBES is independent of vice from the US Army Engineer Waterways
the inference engine (program control); there- Experiment Station (WES) Library, telephonefore, the ability to add new or expanded number (601) 634-2355. National Technicalknowledge to the knowledge base is a major Information Service (NTIS) report numbersfeature of a KBES. may be requested from WES Librarians.

The KBES described in this report is an out- To purchase a copy of the report, call NTIS at

growth of a Dredging Research Program (703) 487-4780.

h~uto ab th DtofRPZ cwntact Mr. E.. Clark McN-i Jr, Manager, DRP, at (601) 634-207.

, September 1994 Please reproduce this page locally, as needed.
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Preface

This use's guide and the associated computer program were prepared under
Contract No. DACW39-92-C-0098 (Neg.), dated 22 July 1992, for the US Army
Engineer Waterways Epeiment Station (WES) under Dredging Research Program
(DRP) Technical Area 2, Work Unit No. 32471, -Descriptors for Bottom Sediments
to be Dredged." The DRP is sponsored by Headquarters, US Army Corps of
Engineers (HQUSACE). Technical Monitor for Technical Area 2 was Mr. Barry
W. Hoiliday; Chief Technical Monitor was Mr. Robert II Campbell.

This user's guide was written by Dr. S. Joseph Spigolon, Enginering
Consultant, Coos Bay, Oregon, and Dr. Reda M. Bakeer, Associate Professor,
Department of Civil and EAvironmental Engineering, Tulane University, New
Orleans, LA, under the technical oversight of Dr. Jack Fowler, Principal
Investigator, Soil Mechanics Branch (SMB), Soil and Rock Mechanics Division
(S&RMD), Geotechical Laboratory (GL), WES. Mr. W. Milton Myers, Chie
SMB, GL; Dr. DM C. Banks, Chief; S&RMD, GL; and Dr. W. F. Marcuson I,
Director, GL. Dr. Banks was also the Manager for Technical Area 2, "Material
Properties Related to Navigation and Dredgind& of the DRP. Mr. E. Clark McNair,
Jr. and Dr. Lyndell Z. Hales were Manager and Assistant Manager, respectively, of
the DRP, Coastal Engineering Research Center (CERC), WES. Dr. James R.
Houston and Mr. Charles C. Calhoun, Jr., were Director and Assistant Director,
respectively, of CERC, which oversees the DRP.

During the publication of this report, COL Bruce IL Howard, EN, was
Comnmader of WES. Dr. Robert W. Whalin was Director.

For fufrter information concerning this report
contact Dr. Jack Fowler, (601) 634-2703, or Mr.
E. Clark McNair, Jr., (601) 634-2070.
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1 Introduction

This user's guide contains instructions for installing and using
DREDGABL (Geotechnical Factors in Dredgeability), a knowledge-based
expert system (KBES) for the geotechnical evaluation of the dredgeability of
sediments. The two diskettes for the Microsoft Windows® version of
DREDGABL are included with each copy of the user's guide; a limited
number of the MS-DOS® version are available on request to Ms. Gloria
Naylor, Scientific and Engineering Applications Center, Information
Technology Laboratory, U.S. Army Engineer Waterways Experiment Station,
Vicksburg, MS 39180 (CEWES-IM-DS).

Objective of DREDGABL

The accumulated knowledge and experiences of experts in a specific
discipline can be recorded in a knowledge base which is then available for use
in the solution of a specific set of problems in that discipline. A KBES is a
computer program that provides guided interaction between a user and the
knowledge base. The interaction is in the form of IF - THEN statements. The
user is questioned about the problem context (IF-conditions) after which the
KBES displays its expert-derived solution (THEN-conclusion).

The objective of DREDGABL is to provide guidance, from geotechnical
engineering and dredging experts, in the form of KBES, for the interpretation
of sediment test and observation data in terms of the dredgeability of the
sediment. DREDGABL is intended for use by dredging project estimaL .rs and
planners working with the U.S. Army Corps of Engineers, dredging
contractors, or dredging consultants. It can also show, to the geotechnical
engineers and engineering geologists involved in dredging project site
investigation, what the important sediment properties are for dredgeability
evaluation.

Program Overview

DREDGABL provides an expert evaluation of the dredgeability
characteristics of specific sediments whose geotechnical properties are
described in the dredging contract documents. Advice is also given about the
suitability of various types of dredging equipment for use with those
sediments, based on dredgeability characteristics. Expert knowledge is
contained in several knowledge databases that are queried during operation of
the program.

ChapWr I Iro 1



Two parallel and equal versions of the DREDGABL program have been
developed. One operates in the conventional Microsoft Disk Operating System
(MS-DOS)®D environment and the other runs under the Microsoft Windows(&
environment. Knowledge databases, control programs, and inferencing
mechanisms for both versions are identical. Input and conclusion screen
displays are also identical, except that the screen displays in the MS-DOS
version are character-based and in the Microsoft Windows version they are
graphics-based.

Both the MS-DOS and the Windows versions for DREDGABL are user-
friendly and support mouse input. Input is provided through a group of
consultation screens, each containing a question with multiple-choice answers.
Answers and/or screen controls are selected by mouse-pointer clicking or by
the keyboard arrow keys and keystroke combinations. This eliminates the
need for the user to type words or numbers for data input during guidance
sessions. This is intended to accelerate the input process, eliminate
typographical errors, and facilitate the use of the system by non-typists. The
path through the input screens is not fixed; the question asked on each new
screen is the result of the specific answer to the question posed on the previous
screen.

DREDGABL starts with the assumption that the available sediment
geotechnical descriptor data are contained in the project plans and
specifications in the American Society for Testing and Materials (ASTM)
(ASTM 1993) format which is based on the Unified Soil Classification System
(USCS) (USAEWES 1960). The flow of the program through the group of
display screens is shown on Figure 1.

Briefly, the overall strategy of the DREDGABL program is:

a. The first question requests the general type of sediment in the layer or
deposit being evaluated. The general sediment type is defined as the
predominant material found in the sediment to be dredged, or as the
material corresponding to the median grain size, de.

b. If the sediment type if gravel or sand, DREDGABL requests the
USCS/ASTM classification, sediment name, compactness, gradation
fineness, and grain angularity.

c. If the sediment type if inorganic fines or organic fines, DREDGABL
requests the USCS classification, sediment name, consistency, and
plasticity index. If the consistency is UNKNOWN, and the water
content is known or the wetness known, then it may be possible to
estimate the consistency from the liquidity index.

d. If the sediment type is in the other sediments category, then only the
sediment name is required to identify the material. Properties of these
materials may vary significantly and there are no specific designations
for them either in ASTM or USCS.

2 chapte I Introduction
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Figure 1. Flow diagram of DREDGABI. screen displays
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e. After all required antecedents we defined (including the posible c e of
"Unknown" in may categomy), DREDGABL evaluates this information and
searches the appropriate knowledge base for conclusions about the
dredgeability properties of the uniquely describmd sediment

f The user may then display DREDGABL's conclusions about the suitability
of various generic types of hopper, mechanical, and pipeline dredges for use
with the described sediment, or may display the disposal area properties.
T user may also choose to print out the complft ant of conclusions for
the Specific sediment

g. Provision has been made in DREDGABL for the recording of infornation
and knowledge about, and pences with, local sediments that have been
developed by the usees organization. This is locally-derived information
that amplifies or supersedes the information contained in the general
knowledge bases. The LOCAL IFO database may be viewed and the
contents of any memorandum may be printed.

In the present version, DREDGABL considers only one sedime type at a tine
in its evaluation of the suitability of various dredg types for that sedien
Therefore, the user mst nm the DREDGABL program again for each layer or
deposit in the dredging prism having a unique set of proprties.

Background

The KBES computer program described herein was developed as part of the
WES Dredging Research Program (DRP) Work Unit No. 32471, "Descriptors for
Bottom Sediments to be Dredged." The objective of the work unit is to develop
standard dredging-related geotechnical descriptors for indicating, or inferring, the
dredgeability of sediments.

A KBES such as DREDGABL can serve one or mor of the following
purposes:

a. Guidance. As a guide, or computerized mentor, for those persons lacling
knowledge and experience in the dredgeability analysis of geotechnical
data

b. Education. As an educational aid in the training of new dredging project
planners, estimators, administrators, and operators.

c. Peer revlew. For pee review, where knowledgeable and cexrinccd
personnel can consult with other exprts for review and as a cross-check on
their own wor.

4 ChWpt I krducOn



Outline of Users Guide

Chapter 2 gives installation instructions for placing the DOS or the Windws
version of DREDGABL on the user's hard disk. Instructions are also, given for
navigating through the mereens.

Chapter 3 cootains operating instructions for the DREDGABL prograuL A
run-through of the input display anid conclusion display screen and a description of
the help (discussion) screen system wre made. The local information database
systemn is presented.

Chapter 4 presents a brief discussion of three background topics for users of the
DREDGABL program. First, theme is a general discussion of kowledge-based
eqxpet systems and the minner in which they function. Second, the rationale for
selecting a relational database managemient systemi as the eqxpet system
developmzent shell is presented. Third, the relationship of a KBES to a printed
report is eammined

Chapter 5 discusses potential future modifications to the DREDGABL
program. The requested review informnation is idntedd primiarily for use by the
programmer and adm inistrators of the develpment version of DREDGABL Also
discussed are methods for modification and/or control of the LOCAL INFO
databaw.

Chophr I ftedualut 5



2 Installing DREDGABL

The ame two equivalent versions of the DREDGAL program: the Wndows
vsm and the MS-DOS versiom T versions diff only in the foma of the
display scree files. Windows screens we graphics-based and MS-DOS displays
am charactr-bads. Bocaus of its gahc environment, the Wimdows version of
DREDGABL contains graphics that ae not available in thc c•rent MS-DOS
versio. The usae may install both versions on the sam comput• , but in diffeent
directories.

(NOTE: DO NOT pace the DOS d Windows version fies in the same
diredory bemuse they me the same screea file numas. This will cause
malfunction of the programs.)

Appendix A contains a listing of all files contained on the distibution dsmttes
for the Windows version and the DOS version of DREDGABL. If any of the listed
files we missing from the diskettes, please contact the Manager of the Dredging
Rearch Program at the address given in the Preface to this Useas MmauaL

System Requirements

Suggste minmumequipment requiremients we:

a 803M6X processor, or higher.

b. Mouse (not absoluey necessay, but highly usef).

c. Minimum of 4 Mb ofrandom access memory (RAM); preferably 6 Mb of
RAM for the Windows version.

d MS-DOS version 3.1 or higher.

e. For the Windows version, Microsoft Windows vasion 3.1 or higher

running in 386 enhanced mode..

f At least 6 MB of free hard disk space for the Windows version. At let
4 MB of free hard disk space for the DOS version.

6 Wqhm 2 Dn DGADL



g. Standard video graphis adapter (VGA) monitor (640 x 480 pixels).
NOTE: The program contains color screens and the Windows version uses
color graphics. A monochrome monitor can be used but the images will be
displayed in black and white. Other color monitors, such as Super VGA
(SVGA), may be used but display quality may be affected.

Hard Disk Installation - Windows Version

The Windows version of DREDGABL is contained in two 3.5-in, high-
capacity (1.44 Mb) diskettes. The following steps should be taken to install the
Windows (graphics-based) version of the program on a hard disk:

I. Insert Disk No. I of the DREDGABL (Windows version) diskettes in drive
A (or drive B).

2. Start Windows (refer to the Microsoft Windows users manual if necessary)
or OS/2. In the Program Manager window, click the mouse on FILE. In
the FILE meu, click the mouse on RUN.

3. In the RUN window command line, type A:\setup; then click on OK

4. It may take several minutes before the Setup window appears. The film on
the diskettes ae compressed and are being decompressed. Be patient; do
not reboot the computer.

5. When the Setup window is displayed, the user is asked to confirm, or to
change, the hard drive letter, the directory name, and the Program Group in
which to place DREDGABL. After this choice, Windows continues
loading the program, asking for the other disks at the appropriate time.

6. At the completion of the setup (file decompression and loading) process,
Windows places an icon marked "DREDGABLO in the chosen Program
Group.

Hard Disk Installation - DOS Version

The DOS version ol DREIGABL is contained in two 3.5-in. high-capacity (1.44
Mb) diskettes. To install the program on drive d. (where d: is any desired hard
drive) and the directory d:\DREDGDOS, insert DOS Disk No. I in drive A (or drive
B) and type A:INSTALL d a (or B:INSTALL d a), where d is the target drive and
a is the source drive. Type the command axctly as shown- do not use a colon (:)
after the target or the source drive names. The installation batch file perform the
following tasks automatically. If the batch file does not function property, then the
following operations can be done manually-

Chwpin 2 ,nm DEDGAL 7



1. Cret a diretacy naned d, DREDODOS (r ume any odua dibutary
nw). Copy all flme from dh two DOS disktte to h nw had disk
directory. TMe files min a compressed (archived) form&

2. For acmple, to iatal flm fom disk drive A: to hard disk C: in directory
C:QDREDGDOS, type the folwing in order

CA (Make C the default drive)

md DREDGDOS (Creates new directory)

cd DREDGDOS (Moves to new dimectomy)

The new defak drive is now C:DREDGDOS. Place diskMe No. I of td
DOS version in Drive A: mad enter

Copy A-\*.* (Copy all files on A to C:IDREDGDOS)

When copying is completed, replace Disk I with Disk 2 and rmpe:

Copy A.\*.* (Copy all fles on A to C:\DREDGDOS))

3. Decompress ( dnacv) the file.. To warchive, rmin in dhe
d.MDREDGDOS sub-directoy mad type, in turn,:

ARCE FOXDISTR (FOXDLSTRARC contain the Foxpro
Distributim Kit opating filme)

axtthen

ARCE DREDGDOS (DREDGDOS.ARC contains al of t
DREDGABL files)

4. From within ft d.-DEDGDOS dectwy, d" the FOXDISTLARC,
DREDGABLARC, and ARCE.COM file from your hard disk they me
n longer needed! Do ,is by tping

DEL ARCE.COM (Deletes ARCE.COM)
DEL FOXDISTRARC (Dletes FOXDISTR.ARC)
DEL DREDGABL.ARC (Deletes DREDGABLARC)

Note: Thw DOS command ERASE performs the s-n function as DEL.

8 Caher 2 1Ung DRDGABL



3 Operating the DREDGABL
Program

To smi Uth DKEDGABL prograo

a~ For tit Window versioun, two dbiejee = available:

1. While in Uth Windows Poro~ui Mauws window, Siu*iclyick on Uth
DREDGABL icon; or

2. While in the Window. Progr Manager window, open (click on) Uth
FILE meu. In Uth FILE memi, dick on RUN. The RUN coumanud
acerm will appear On th RUN Commanid Line, type

d.-DREDGABLJDREDGABL

or use Uth BROWSE button to bocauthe DREDGABLEXE file.

b.For Uth DOS version, move to Uth d AD)REDODOS directory. From Uth
previou example, amane Uth DREDGABL bornfiles am in Uth
C:TREDGDOS directory, and type:

DREDGAIL

This activates a batch file that contans Uth accessnry conunmdls to sat Uth
DREDGABL progain.

Navigating the DREDGABL Program
The folowing semi-itutorial presntaion discusses Uth various iV nptmd

conclusion, screens contained in DREDGABL It follow each of Uth several pad.o
shown in Figure 1. The figures contain captured copies of Windows versio
graphical mum'u. The chwacter~bauo DOS acreaui contain fie same information,
powe Uth same questions, and contain, do sune data-option choices, but do not have
Uth W1indows graphics effects and font.

The user interacts with DREDGABL through a series of d&splay scen.The
folloing five groups of scren F wae Used

Chopfar 3 Op Ai Vim DREDGML Peop. 9



a hdrodiactoiy display.. The introductary displays consist of die Thi
dimlay. tdo Navigating Infrormtion display, the Purpos display, the Scope
display, and the Dislamituar display.

b. bIp. display.

a. Ckoncusimi displays.

d. Tet Explaonti (icsion) display.

Disly scren featur

Each dsl sreePn contaim om or two so of contl bute. A buttom is
activated by either of di Molowing actiom

a Using a mum tdon thbuto.L

b. Using th keyboard •zw lks an/or the < TAB > ke to hihligi tho
prefe bumn d psin <ENTER>.

Whe atptioaem apres d for dhe us's chice of iput data, acivatkn of a
DATA-OPTION buno causes DREDGABL to acknowledge this s t& uses'
doe and pocecd to •th nxt display meen. Te bouom panel of each scrm
cotains fomn m to four burom, u neededtoo tdo t noml flow of
-~toning

THI screen

Tih S creem to asppem is dth Title sm (Figur 2) providing two hicm in
the co•n• bar at doboth For w or moren do umr may choo toview dt
Introducty scmen desmbed above by activating t < INTRODUCTORY
SCREEN > button. These ar followed by the hie scrn.

As ft us becoms fnidi wh the pmran, ft introduct displays cm be
bypassed by mciating t buton make < QICK START >. This choic
bypass fth Intrductor screens and le6 a ietly to fth Choice smm

Chic scruen

Afte fth Intodicto sry ame art viwed or by-passed, the Chowc mme
(ig 3) ap s The uer" mus c s be n two altmr ative

10 chqiir opumg r DRDGD Pp..



Geotechnical Factors in
Dredgeability

DREDGABL
Uvah&4 . DmdWWPEf of SAmmf

U.S ARMV ENGNIEER VIAIERWAVIS ~EXPRENT STffOWN

Figure 2. Tide screen

a. If the user wishes to continue with DREDGABL for a conventional
evaluation of the dredgeability of a specific sedimnent, the
< EVALUATE > button is clicked with the mouse or selected with the
arrow keys and < ENTER >.

b. If the user wishes instead to view the database of records of locally
evecloped information, which is of local interest only (see discussion below),
the < LOCAL INFO > button is activated.

To evaluaft to. drdgeabUty To view LOCAL INFORMATION
propedlies of a sdimwot recoids estabilomd by a local

@O1E: Minag fm S LOCAL.
DWOftATIO01 dmtbm in

Figure 3. Choice screen

Chapter 3 Oparaling tm DREDGADL Progru 1



Using the Data Input Displays

In tih flow diarun of Figure 1, the disply scres from "Sedinmt TyWe
downwmd to *DrWebilIy Evauation" are DATA INPUT dplysEch irpt
disy MMM a quson askmg for tim vale of ow of tha mgeoduical
panmters nmiede to reach a conclusion about tm d bi of that aedimu
Selecion Md in e•ch of the iut displays m mainained in Caofntt mnioy
until all of the needd anteceden for a specific sodinme typ sm defind.
Geoteclnical mateceadt ropaties used by tim DREDGABL propun mu dmn in
Table 1.

Table I
Geotechnical Antscedent Pmopewties Used in DREDGABL

Grw 1. USCS OMbeddM
Sow 2. Sedid emie

4. Rdecnie Omltse

-ur Fhus 1. USeS cdm
Oaupc FVMs 2. Se.dmt miu

3. Reis" P, A *I P.
4* Pbdcltybsdm
* Uqtly* m oAn ena ofdom• used

I__ ONLY hm w Udo, e m canmiency IB wkmm)
Oiler • Genetic -m f enemrt

Each of th, data input displs contains t on-scmrn, crollab information
text presenting a briediscussion about tim choices available on that spef
disp&l. More d•ai• dscussiom of these, ,d other topics, ca be accaed by
cikng an < DISCUSSION > at tim bottm of a smi

Sediment type display

On the first data input scen, shown in Figure 4, ti question asked by
DREDGABL is: "Which of the following GENERAL SEDIMENT types best
describes the laye or deposit being evaluaed?" The screen pesmt ti following
choices, on of which must be selected to continue:

a Gravel USCS Clsscation gravl-sries soils

b. Sand USCS Classification sand-sries soils

c. Inorganic Fines Fine-rained soils: silt and day

d. Organic Fines Fine-pained soils: organic silt, organic; day, pea
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Figure 4. Sediment type selection screen

USCS classification and name of coarse-grained sediments display

lIfthe sediment type is gravel or sand, the next input display asks for the USCS-
ASTM lasfcto.Options ate presented for ail of the USCS-ASTM classes of
each coarse-grained sediment type. Assumig the sediment type is a SAND, then
selection must be made, in Figur 5, fiun the sand classification options offered

W.I-,mded amid (idh sift(WWWVM

Poorly Wde d anw! r (wMd rav.

Figure 5. USCS classifications and names of SAND sediments
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by the USCS. A similar screen is used for gravel. Activation of the VIEW button

displays a screen of typical grain siun distribution curves with explanatory text.

Gradation fineness display

If the sediment type is gravel or sand, the neot input display asks for the
gradation fineness. For gravel, this includes: Coarse, Fine, and Unknown. For sand,
the options are: Coarse, Medium, Fine or Unknown. The gradation fineness display
for sand is shown in Figure 6. An on-screen discussion text offers guidance on
gradation fineness.

GRADATM FROIENESS OF i wWdbn*u

I GRAVEL AND SANMft*SNDsfnn o

Flu. Giuost ad of SAND WAS Cours..
sod Fine Sand in dosa. -an bask a=wina h

gmdoal Ohm Vrmoe dodmiame shows is emi ~le2@rr
* lui.i CAvU. is(t14os.18sren

Sums Sid.Wae i o645

@ft is IN. Se 4 sre

7S 3i..

12 314 i. i .2 f 4n
gravel 4L76 No. 4(M.4-NoM

@and
sand is. ""KO bti

&4SN.46tse6.7 a

Figure 6. Gradation fineness of sand sediment

Compactness of coarse-grained sediments display.

The screen shown in Figure 7 requests the relative compactness of a coarse
grained sediment. One of the choices is "Unknown." Standard Penetration Test
(SPT) blow count values are shown for ready reference. However, see the
DISCUSSION of Standard Penetration Test for a more refined method of
interpreting Sfl data.

Angularity of coarse grains display.

Figure 8 is the input display for selection of the grain angularity. Options are:
Angular, Subangular, Subrounded, Rouned and Unknown.

This terminates the antecedent-data collectio, for gravel or sand. The
program now proceeds to the dredgeability evaluation mien, screen
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Figure 7. Relative compactness of coarse-gralned sediment

Figur 8. CF0 Aglrtofcarse grains
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USCS classflctation and name of fine-grained sediments display.

If the sediment type selected in Figure 4 is inorganic or organic fine-grained
soil, Le., sil or clay, the nex input display asks for the USCS-ASTM Classification.
Optiouis am presented for all of the USCS-ASTM clse of each fine-grained
sediment type. Assuming the sediment type is ua INORGANIC CLAY, then
selection, must be made fran the options displayed in Figure 9, which constituite all
of the inorganic fines options offered by the USCS. A simila screen is used for
organic fine.

Figure 9. ~ f US-S c-sic -~n and na es Oft Ioracfn-

Figue 10shos th RSativ Chonsistec inpuW t display A&f chica i md

Soft, ~ ~ ~ f Soft Medum St"f Ver Sl Hard and Unnon Corrsondn valuso

PlsiiyIdxo iegrained sediments dsly

DRelative uosstesc ofou plsicityrainede caegoimesnits ruslesa()yt.,2

l igss tha 22s()2how3s, n 4 bv o the plasticie indextnc input display, hie smd
amongB makepios oreatidecisonsabotec whichofthee coplassticiyvnexipa scrnth:Vreey
Soto show, baedim oUCStif claySiffcation ane screnforn CLorresoLncly)isg shownsas
unofigued11 Noninpue tregha display e isr used ufteUC lsersifi tionisCLM becas

the DGB ssfu plasticity index cateorie in its rules: (be 4 to 7, ori(heUC2lasfcai )i

ML or OL (silt) becauise the plasticity index must be less thani 22.
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Uquidity index of fine-grained sediments display.

The liquidity index is calculated from the water content, and indicates a liquidity
relative to the liquid and plastic limits of a remolded soil. It can be an indicator of
relative consistency by itself or a useful cross-check on the measured relative
consistency. If the consistency is known and has been indicated, the Liquidity Index
display is bypassed to prevent a potential conflict of information. Therefore, Figure
12 is only displayed if the consistency selected in Figure 10 is "UNKNOWN."

use MEtosa w ~i dim~s~•UUDT cussio

TiMured12 indeqi dit is o erlan messdso re•lative NWCdiV or softess of a

T Temolded tohesave sen-. at c on be tiod fs Md

prgr m nowprcd to the dredgeabilty evaluaton mhen screein. QID

Other ~ o sedime onts" idetica ion daslay

cohosive soll im U i n F urmed4ca iOhe Sdes the nextIInTdi ply igures13, r e ake wool It cohosic e a Ng EX te o in bese t types: rock,
soils role, m to InSoi Alberg coqid bales of depost beo deakiatm th
plapstaic geat is d o pLent i of a l no tr t

c18ods lor aloy =4 1 in de3ond Opeid n VtHe DREGABpro g

w-Pt. w-PL Vmy WO and soft
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Figure 12. Liquidity index of fine-grained sediments

This terminates the antolccdt-data collctfion for fine-graned sediments. The
program now proceeds to the dredgeability evaluation menu scree.

Other sediments identification display.

If the chosen sediment type in Figure 4 is 'Other Sediments,- the next input
display, Figure 13, requests a choice among the following sediment types: rock,
coral, shale, cemented soils, boulders, cobbles, fluid mud, shell, or debris. At the
present stage of development of DREDGABL,, no other geotechnical. properties arc
used in the dredgeability rules; therefore none arc requested of the user and
antecedent-data collection is terminated.
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Figure 13. Selection screen for Other Sediments

Using the Conclusion Displays

In Figure 1, the four display screns following "Dredgability Evaluation" are
"Conclusion" displays. After the input displays have been used to defmn al of the
necessary antecedent (IF statements) dat fiom Table 1, the infarncing process
starts, i.e., a quezy is made of the appropriate knowledge database, and an
associated set of conclusions (THEN statements) is derived. The conclusion set is
stored in the Conclusions Memory.

The conclusion sets chosen from the "Dredgeability Evaluation" display may be
repeatedly viewed at random. The user may also choose to print the complete
summary set of conclusions in a rport. The context variables and the conclusion
set are maintained in memory until the context is changed and a new inferencing
process is triggered or until the program is ended.

After the appropriate enty of the required geotedhical data in the input
displays, DREDGABL proceeds to the evaluation (inferencing) process and the
storage of a unique set of conclusions in the Conclusions memory. The rules for
evaluation operate internally in DREDGABL to consider all of that sediment's
known gootechnical properties that affect each of the specific dredgeability
mechanisms. An evaluation menu is displayed, Figure 14, that contains the
following choices:

a. Hoppers (Suitability of hopper dredges)

b. Mechanical (Suitability of mechanical dredges)

a. Pipeline (Suitability of pipeline dredges)
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d Disposal (Disposal aa properties of sediment)

e. Print Summary Report

f Print/View Local Information Database

Figure 14. Menu for selection of conclusions display

Figure 15 is the conclusions display for hopper dredge suitability. It is typical
of those for hoppers, mechanical, and pipeline dredges. A similar display presents
conclusions about the disposal area properties of the described sediment. Disposal
area properties are, of course, reasonably independent of the dredge type used for
excavation and transport

If the < PRINT A SUMMARY REPORT > button is activated in the
Conclusions display menu, Figure 14, another display screen is activated,
requesting information from the user: Date, Project, and User Name. The Summary
Print display shows the status of the antecedents in the Context Memory. Then, a
one-page summary showing all sodiment-specific antecedents in Context Memoiy
and all of the conclusions contained in Conclusions Memory is printed. The report
contains all of the information that is displayed in the four dredge-suitability
screens.
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Figure 15. Conclusions display for hopper dredge sultab~litly

Using the DISCUSSION Facility
Activation of the < DISCUSSION > button at the bottom of any of the displays

causes a display of a mem of explanatory texts that pertain to dredgeability. Each
text is intended to present a discussion of the antecedents (ff-statement) or an
explanation of the conclusions (THEN-statement) and rules used in the knrowledge
bases. Care is taken to differentiate between factual information and the experts'
interpretation(s) of the facts.

Because of the differences between the Windows graphical environment
and the DOS character-based environment, two formats of the DISCUSSION
facility are used. The text portion of both fornats is identical. However, the
Microsoft Windows version includes graphic line drawings and pictures that are not
possible in the DOS version, The topics included in the present version of
DREDGABL are liste in Table 2.

Windows-Style Discussion Facility

The Windows version discussion topics are displayed in the Windows format
help facility database titled DRDGHELP.HLP. The Main Menu is first displayed,
showing the majot topic headings in green (or the default color of the HELP facility
in your Windows setup). By clicking the mouse pointer on any of the major topics,
a Sub-Menu for that topic is displayed. Clicking on any of these green colored
topics will display the text and graphics of that topic.
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Three control butcts at the top of the sPeen we used by Wimdows. The
< BACK > button will cause a return to the previous scmre The Main Maeu is
accessed at any time by choosing the < CONTENt > button. Clicking on the
button marked < HISTORY > displays a reord of all screens viewed during a

II *sesson

There am two ways to EXIT the discussion facility. First, by eitha double-
clicking on the (-) button at the upp left cwr of the scmr or by singl-cing
the button and choosing "Close." The second method involves clicking on the word
"File" inthe Menu Bar, and then choosing "Exit."

The contents of any of the topics can be printed by clicking on the word "File"
in the Menu Bar. Click on the rmnu choice of "Print Topic."

DOS-Style Discussion Fadility

The DOS chaactcr-based discussion topics ar contained in a Microsoft
FoxPro 2.5 HELP-style database titled DRDGHELP.DBF. The format of the
database of discussion topics is that dictated by the internal fannat of the FoxPro
Help Facility. Clicking on "Topics" causes a display of the topics in the facility.
The text of any topic can then be displayed by clicking on the topic rnae or by
highlighting the topic -m using a cursor and then pressing < ENTER >. The
Discussn Facility may be exted by clicking on the upp left conw of the screen
or by pressing the < ESC > button on the keyboard.

Using the LOCAL INFO Facility

A provision has been made on both the CHOICE menu (Figure 3) and the
DREDGEABILITY EVALUATION menu (Figure 14) screns for accessing a
separate database using the < LOCAL INFO > butto. This knowledge database,
if present cwtains expert knowl•dgc and information developed by, and of interest
and value only to, a local user group. The local interest user group may be a Corps
of Engincers District, a contractors office, or a consultant's office.

Activation of the < LOCAL INFO > button on the Choice (Figure 3) screen or
the < View/Print LOCAL INFORMATION > button on the Dredgeability
Evaluation Menu (Figure 14) will activate the Local Information Selector screen,
Figure 16. By using the butdos in the horizontal Database Control Bar in thupper
center part of the screen, the titles and contents of the local information database, if
any, are displayed. The LOCAL INFO knowledge bas is, in effect, a database with
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Table 2
Topics Available In the DREDGABL Discussion
Facility
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Table 2 (Concluded)

mu-m
Uitmm DUM Ohm"

Sinuum 40 R In a Dko@Wau Ame

Bi~w In a Dinsai Amw
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-mm field. The control buttions pemi scrolin tlrug the -Precorh of the
database, each r eordn having a local interest voup am date las amended,
amend.. namme, and a scrollable text display of the information. The contol
buttons awe: <IMOT > causes the -recor n & id to display the topmost, or &ait,
record, < PRIOR >gestotdoepreiviomurecord,< NEXT'>ges to thenod record;
<IUST >causesthre ordnfpointer togopthe findl,or boitmrecord,mad < ADD
TOPIC >eamsea now tr, ao&to be addedtoteed of the othemd to be
displayed so that a mew topic can be enteed with new infomation. This button will
not be operative if the database as rendered "read-only" by the action of a local
program admnistrator.
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Figure 16. Selector screew for vlelnlpunng; local hiformaton
database records

E-nby of information into this database is under the control of the user, unless a
local DREDGABL program administrator assumes control of input. Modifications
of ; and additions to, the local informai~on database may then be restricted to the
local administrator. Methods for performing these tasks are discussed in Chapter S.
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4 The DREDGABL
Programming Environment

This putof fti user's guide contains backgraaid inforation used in the
development oft&a DREDGABI. progrm. Topics disumisd are: (1) knowledge-
basnd expert systems in general, (2) reasons for selection of dhe Microoft FoxPro
operating environment as an expert system shell and (3) the, relationship of this
type of prora to a published report.

Knowledge-Based Expert Systems
A KEES uses expert-derived rules for its solutions. The rules can incorporateP

and pnrocess judgement, experience, empirical rules of thumb, intuition, and other
expertise, as well as proven functional relationships and exernuental evidece.
During a guidance session, a KBES such as DREDGABL searches a knwledg
base throug a chain of IF - THEN rule statemn~ts. The logic of the argunients of
the IF statements may be Englis words or phrases or may be nmnmbers. The path
though the matrix of rules is not pr*eemnd rather, the path depends on the
specific questions and on the uses's replies, each of which lead to the Wdx quesfion
and the nex fist of possble replies, as. shown in Figure 1. In the KBES form used
in DREDGABL, the program waits until all of the prarequsite IF questions have
been asked; afte which the answers am used to search the corec knowledge base
for the appropriate THEN solution or group of solutions

Expert systems generally contain a group of indepedet bu interrelated;
componets as shown in Figure 17. The USER INTERFACE interacts with the
USER, employing an on-screen dialog for conimunicatioin. When available, an on-
screen HELP MEMO provides helpful information for making selections Screens
are also used display the conclusions reached by the program. The CONTROL
PROGRAM AND INFERENCE ENGINE unit contains the control information that
directs the flow of questio nsmd conclusions. The program provides for interaiction
between the USER INTERtFACE mad the ANTECEDENT (CONTEXT)
MEMORY. The CONTROIANFERENCE mechanism is independent of the
knowledge base, permitting modifications and additions to the conclusions
contained in the knowledge base without modify~ing the program. The
ANTECEDENT MEMORY, often called the CONTEXT, is a teimporary nmemory
contammig the cummat ansers to questions. The words, phrases, or numabers in
CONTEXT must be standsardid terms to match thosein the knowleg base The
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KNOWLEDGE BASE contains all ofithe IF-THEN rules duat in queried by the
INFERNCE ENGINE using the ufteedents dtored in CONTE)(. The rules
satisfying all ofthe antecedents we stored in CONCWJSIONS MEMORY,
available for display on one or more conclusion displays at the USER INTERFACE.

Figure 17. Components of an expert system

Selection of the Programming Environment
DREDGABL uses a forward-chanig, or data-driven, proibleni solving strategy.

Knowledg representation is rule-based, each rule consisting of an *F-amftecedes
... THE14-conclusion! statement One rule exists for each of the total, finite
number of options in fth antecedents. In fth present version of DREDGAB, tlwe
ame 1010 unique sets of options. Ideally, each unique set of antecedent options
leads to a single concluson. DREDGABL reaches 27 different conclusions for
each unique set of antecedents, for a total of 27,270 possible conclusions.
Inifrenchig can, therefore, be done as a standard database search using the
antecedents (IF statements) as searchi filters to find the conclusion records (THEN
statemients) that satisf all tithe unique query requirements. By using 27
conclusion field for each record, the total numiber of records to be searched is
reduced to the 1037 possible set of antecedents, greatly increasing fth search speed
of the system.

Tlim q ne environment chosen for the developent of DREDGABL
was the Microsoft Foxhro Relational Database Management System, a product of
the Microsoft Corporation, Redmond WA. FoxPro offers several desirable
features.
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a~ FoxKro is a , asm platform application, permitting the uver a dieOf
either the MS-DOS or the popular VWinows envircsmient. Foxlro 2.5 for
MS-DOS and Foxfro 1 .0 for W-indows, we parallel systenis, sharing contro
prograsus and databases. Display scam we also useab" in either
environment, although the graphica screens of Virmdows can use

enhancem ntsot available in MS-DOS displays&

b.The software vendor, Microsoft Corporation, is a large, sear ve company
that is ected to be avasilable for help mad for fiture upgrades of the
system. MS-DOS and Microsoft Wiindows are produaced by the sawa
compay, ensming crous-platfoain compatibility.

c. Knowledge can be represented in a database format (.DBF). The formiat
used in FoxPro is compatible with the Borland d MseH and dBas IV
databases. Foxfro can also import fles, from other popular software,
package such as Frunework II, Microsoft Multiplan, Borlad Paradox,
Lotus/Symphony and compatible spreadsheets, sand Microsoft Excel. Any
of these, programs can then be used to access, and to modify, the knowledge
bases (databases) in DREDGABL

di Fox~ro contains a number of usefid development aids such as ascree Pn

development progranm standard XCbas databas prga sun.md a
transporter program for converting, if desired, between MS-DS said
W'nidows amren.

e. Rim-time versions of the programs (DOS and Windows) am distributed to
users with the Microsoft Fox~ro Distribution Kit for DOS and the
Microsoft, Fox~ro Distribution Kit for Windows. A onetime fee for each
Distribution Kit permits an unlimited number of distribution coies

Even thoughi DREDGABL was developed using a databas management
packuage Microsoft FoxPro 2.5, it is still considered a KBES. The databases: used in
the inferencing contain subjective expert, infomation compiled by doe developers.
Conclusions we reached using an inference mechanism and IF - THEN rules similar
to any other expertsystem In addition, DREDGABL is highly interactive user
friendly, and contains an on-line help facility, which we all essential features of a
KBIES.

Relationship to Published Reports

A KBES is, in effect, a technical report that has; been placed into a
computerized qeto-naswrformat. ADl of the infomation could,
alternatively, have been contained in a written and publishied report. Howeve, a
conaputer~base KBES has certain advanitages over the printed documnt:

a~ 11e sequence of questions is expet-guided for each specific task. The user
prvdsanswers to the questions flun an exhaustive but limnited, set of
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correctly phrased mwers, using standard teninaogy. When all
a questions have been akedd an swered, the kowledge bae is
sarchd for all valid conclusions that can be derived from the problem
context. The conclusions re presead on screw and, in some instances,
can be printedt

b. It is simpler, easier, and faster to use than apublished repor Pages appear
on scren quicky rather than requiring hunting for the contents or index,
then searching for the exact page, or pages.

c. The knowledge recorded in the knowledge bae can be easily edited and
modified to accommodate new research findings or local experiences, per.
mitting the issuance of easily-made upgrade versions of DREDGABL on
miroc3puter diskettes. The text informatim contained in the readily-
a ble "Discussion" topics cam also be easily added to or changed. This
does not imply that the user will be able to modify the control program or
the knowledge base directly. Only the official, development version under
the control of the developers or the program administrators will be capable
of being mofied.

d For recording knowledge of a strictly local or regional interest, a separate
"LOCAL INFO" discussion text kowledge base can be readily established
and locally updated. Some organizations could benefit by placing the late
version of popular programs on a Local Area Network In some instances,
a national "bulletin board" system could be used to distribute the revised
versions of the programs.
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5 Modifying and Upgrading
the DREDGABL Program

The program diskettes accompanying this user's guide are read-only, i.e., any
changes entered onto the display screens during a guidance session cannot be stored.
The original, development version of the program can only be modified by using the
Microsoft FoxPro 2.5 Relational Database Management System. The original
program diskettes reside with the Manager, Dredging Research Program, USAE
WES, P. 0. Box 631, Vicksburg, MS 39181-0631.

Request for User Evaluations

The rules developed for DREDGABL (Spigolon and Bakeer 1993) represent
knowledge and expertise that was developed through profebsional experieuces and
research studies and, therefore, reflect the personal biases of the developers. The
present rules should be critically reviewed by other geotechnical engineering and
dredging experts and expanded or modified, as needed. In the ideal knowledge base,
there are multiple experts who either reinforce each other or present valid alternate
solutions to problems.

The authors request that users evaluate the program's usefulness, the screens,
and the conclusions. There are many questions that can be asked by the developers,
including the following:

a. Are there any other conclusion displays that would be meaningful, using the
conclusions that are stored in the CONCLUSIONS MEMORY after a
query?

b. Are there any more conclusions that should be drawn from the
antecedents?

c. Is the information contained in the Conclusion displays sufficiently
complete that the user can understand and then utilize the guidance
oared?

d. Are the program and the displays user-friendly?
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e. What else can, or should, be done to improve the uefulness of the
DREDGABL program?

The answers to these and other questions and any proposed chages should be
sent to the Manager of the DRP at the address given above.

Modifying the LOCAL INFO Database

Thi only database flle that can be directly modificd by the user in the
distribution copies of the DREDGABL program is the LOCLINFO.DBF file. This
file is modified by directly typing onto the memorandum display scren, Figure 17.
Instructions for this task are included as Record No. I and are also presented below.
A total of 16 records have been established in this version of DREDGABL, of
which the first is used for the instructions. If more than 15 additional records are
needed, a provision has been made for adding records. Record numbers and dates
should be added to all additional records. There is no practical limit to the number
and size of records that can be added except the available space on the hard disk.

A local administrator may exercise input control by modifying the
LOCLINFO.DBF database file attributes to make them read-only using a file
management program such as Norton Commander® or Norton Utilities®, among
others. Alternatively, similar programs may be used to require a password that can
be supplied to the appropriate individuals.

Instructions for Modifying the LOCAL INFO

Database

The instructions contained on Record No. I of the LOCAL INFO database are:

a. The LOCAL INFO database consists of a series of numbered records, each
containing information of local interest, that may be entered and recorded
by users, in a local area, in a memorandum such as this one. Use a mouse
with the arrows at the right to scroll this record, or use the keyboard cursor
arrow keys.

b. Use the buttons above this screen to move through the database of records

until tbi appropriate topic is found.

c. Each record contains information in six fields:

1. A record number
2. Name of last person amending the record
3. Date last amended
4. Local organization responsible for records
5. Topic of the record
6. A variable length memorandm (in this area of the screen)
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d Unless restricted, information may be entered in any of the fields on this
scree, or any other scree, by using the mouse or the < TAB > or
< ARROW > keys to highlight a field. This information is stored directly
in the LOCLINFO.DBF database. A Ioc administrator may restrict
modification of the records by makin the *read only."

e. Sixtee records ar provided in DREDGABL Version 1.0, this one plus
fifteen more. At such time that additional records are needed, the button to
the right above, marked < ADD TOPIC > may be used to append additional
records to the database. There is no practical limit to the number or length
of records except the space available for hard disk storage.

f A copy of any of the individual records, with the complete memorandum,
may be printed by clicking on the < PRINT > button below.
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Appendix A: Files Contained in
the DREDGABL Distribution
Diskettes

The folloing listing shos Al of the files contained on the distriution
disetts for DREGBL. If any of thes files we missin or corptA on your
diskete, pleas contat the Manage of thec Dreding Resech Progrm at thec USAE
Waterways Expeimen Station, Vicksburg MS. 11e phone nmmber is 601-634.
2070.

DOS version of DREDGABL

DISK NO. 1: FOXDISTKLARC
INSTALL. BAT
INSTDILBAT
ARCECOM
START.BAT
READWE

DISK NO. 2: DOSDREDG.ARC
ARCE.COM
START.BAT
READNE
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Windows Version of DREDGABL

DISK NO. 1: uugie apm

&edpbLu

faipdi fos
fixwxnt ftt
ftwuw At

lodinfb db$

lochufo AS

kwdpuy db$

mncuistf .

=mdeuf.4f
nuImtf.4-

quey AdS
Setup .Cmv
Setup j

O Jui
Setup ja

Stuahp As .

DMIS NO. 2: &dmdab2 em
faxw25Mc4u
farl23O.Ad

fcc25O4 emS

A2 APPuikA



Appendix B: Geotechnical
Properties Affecting
Dredgeability

The following summary discussion is bcround informatio presenting
nerinology and concepts used in the deinvlpmnat of the DREDGAL knowledg

bases. Lhdgre fi& is defined a the facility with which an unerwat soil
sediment or rock can, be exvaated, removied, tansported, and deposited with
respect to know or assumed equipmet, methods, and i-sift material

chrateristcs. There are, seveml independent, site specific fiactr that affect
drejgeability. DRJML cosiers rely Mhe drect effect ofsoil Wpe and
character on dredgeabilify, separate from all non-sediment factor that affect
dredging productivily, such as equipment characteristics, water depth, weather,
tides, traffc, personnel problems equipment maintenance, and so fortkL

The process of dredgi an undeate sediment typically omn in four stae.
At ach A, the de n process is affected by one or several drgaility
prpries of the sediment. The processes and the associated dredgeability
properties are:

a. Dislodgement-loosni or excavation of material from its location at or
below the bottom. Dislodgemenit is affected by thesutnaityoabit cuttability, scoopability, and flowability (undwat sp
instability) properties of the sediment.

b. Removal-movement of the ewavated material from the bottom up to the
pump or transport system. The removal process a dependent on the
purpability, abrasiveness, stickiness (affects clay balling, turbidity, and
bulking properties of the sediment

c. Transport-movement of the removed material from the dredge to the
disposal site. Transport is affected by the purpability, abrasiveness,stckness (affects clay balling), turbidity, sedimentation rate in a hopper,
and bulking properties of the sediment.
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d Disposal-dischare of the material onto a land or into a water disposal
ar The disposal arca propeties of a sediment am based on its
dumpability (stickiness), turbidity potential, sedimentation rafte in a Land
disposal sitc. bilking factors, and mech compactability.

Rule tables were preaed for use in the development of the DREDGABL
knowedg bases and to demonstrbt the basis for the drpdeability evaluations of
the geotechnical properties of sedibmts. All of the rules in the tables are basd on
literatm survs and on the expertise of the program devcloper. Th7 significance
of the geotechnical properties requested during the operation of DREDGABL on
each of the dredgeability properties is shown in Tables BI and B2 below.

Table BI
Geotechnical Properties Used In the Dredgeability Rules
For a Coarse-Grained Sediment

red"aeifty Num, and Compact- Gradatimon £ kd
Prop"ny wUSCS heSSJ Fieness y

EXCAVATION PHASE

CUM"It~y X X X ____

Erodabliy X X X

Flawailty X X X ____

Scopably X x x

Suctlnmbi X X X ____

REMOVAIJTRANSPORT PHASE

Abraslsn X X

Clev Bas Pn X

Pumpubiy X____

Sol. Ratle i H=w X

Bui&A in Homwe X X

_ _ _ _ WSPO PHASE __

SUcldem X

Sod. Raob hin Dispood X __ __________

Turbikdiy Potentlal X

Buftidnah Disposa Am. X X ____ ___

Cm 0Fipacmly X
B- -
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Table 92
G~obtchnlcal Properties Used In the Dredgeability Rules
For a Fline-ralned Sedinmet

n og , y I'- t ow COMMi- Mbaddl Ukpii___jt LI eam ]bdaz [bdm

______ _____ ___ fCAVATION PHASE _ _ _ _ ____

ErodWAhy x X ____ __

Fbwob~y x x x ____

Sucboanafy X x x ____

Abrasivunme X ________m

clay Boom Pdinl X _____ ____ ____

ftgnpdlhty x ____ ____ ___

Sod Rd@InhHapw x ___________

Bui~ukinHauw x x ___

____IPOSA PHASE __

Silcidnm x ____ ___

Sod. Rd*.I Okoo DsuiX __ __ _ _ _ _ ____

Turpctbllty PWx
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